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Review of the ATLAS Technical Design Report on the Forward 
Detectors for the Measurement of Elastic Scattering and Luminosity 
  
 
1  Introduction 
 
This document describes the process and conclusions of the review of the ATLAS 
Technical Design Report (TDR) on the Forward Detectors for the Measurement of 
Elastic Scattering and Luminosity ALICE Forward Detectors Technical Design Report 
(CERN-LHCC-2008-004). The detectors described in the TDR consist of Roman Pot 
stations housing position sensitive detectors based on scintillating fibre trackers. 
 
The TDR was received on 17 January 2008. An open presentation was given to the 
LHCC on 7 May 2008. The response of ATLAS to a number of questions was discussed 
in a meeting with the referees. Further issues were raised and discussed in a follow-up 
meeting, where a positive conclusion could be reached. The referees were F. Forti, V. 
Kekelidze, R. Mankel and P. Mato. 
 
2 System Requirements and Description 
 
The first estimate of the LHC luminosity will come from the machine parameters and it is 
not expected to be sufficiently precise. Apart from the ALFA detector (Absolute 
Luminosity For ATLAS) considered in the present TDR, it is intended to use additional 
methods based on the Cherenkov integrated detector (LUCID) and the Zero Degree 
Calorimeter (ZDC). 
 
The goal of the ALFA project is to provide ATLAS with a precise measurement of the 
absolute luminosity (L) at the ATLAS interaction point, based on the well known t-
spectrum of the proton-proton elastic scattering.  The t-spectrum is determined by L, the 
total cross-section (σtot), the nuclear slope parameter (b) and the ratio (ρ) of Re to Im 
parts of the nuclear elastic scattering amplitude at t=0. All those parameters could be 
extracted from the t-spectrum analysis if the Coulomb region is covered. 
 
The expected precision of the L measurement is around 3% taking into account the most 
relevant systematic uncertainties. This challenging goal could be reached by a 
measurement of the t-spectrum extending at least into the Coulomb interference region.  
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To have a reasonable acceptance (> 50%) at low values of t, the coordinate detectors 
must be placed as close as possible (~1.5 mm) to the circulating beam orbit on both 
directions from the ATLAS interaction point at the distance of 240 m along the beam 
line.  
 
Due to the left-right symmetry, the proton scattering angle (which is related to the t-
value) could be calculated from the difference in the transversal (horizontal) 
reconstructed position in these two arms. On each arm there are foreseen two couples of 
co-ordinate detectors (each having upper and lower detector parts) separated by a 4 m 
distance along the beam line.  All 8 detectors are housed in the Roman Pots. 
  
The co-ordinate detectors comprise scintillating plastic fibers of square cross section  
0.5 × 0.5 mm2 which are arranged in a plane with UV stereo geometry under an angle of 
90o with 64 fibres for each view. Ten planes staggered by multiples of 0.5 mm / 10⋅√2 = 
70 μm, are assembled precisely into a detector with an effective fibre pitch of 50 μm. The 
expected spatial resolution of such a detector is < 30 μm. In addition to the total 
resolution of the t-value reconstruction, contributing factors to the measurement precision 
include the detector positioning, the beam smearing and optic structure. The fibres are 
read out by the Hamamatsu MAPMT 64 channel photodetector R7600. The front-end 
electronics is based on the 64-channel read-out chip MAROC which is connected to an 
FPGA-type read-out chip, named ALFA-R. ALFA-R samples at 40 MHz outputs from 
MAROC, stores the logical states for about Level-1 trigger latency delay, then drops or 
pushes the data onto the read-out buffer depending on the Level-1 trigger signal. 
   
This experiment requires dedicated machine optics with high β* = 2625 m and a phase 
advance of the betatron function of 90o between the interaction point and the detectors in 
the vertical plane to yield a parallel-to-point focusing.  The necessary statistics of ~ 7M 
events could be accumulated in 100 hours at L = 1027 cm-2 s-1 to reach the statistical 
precision ~ 2% in L.  The total experimental systematic uncertainty has been evaluated, 
which is at the level of 2.2 – 2.6 %. Thus, it is shown that in total 3% accuracy in the 
luminosity measurement is feasible. 
  
During the experiment the Roman Pots can only be moved into their IN position when 
the status of the machine is set to stable beam.  Radiation monitors will be installed close 
to the Roman Pots, and the detector with its electronics will be removed when the 
radiation levels become too high. A scenario of approaching the beam foresees several 
tiny steps in movement towards the final position, and one by one putting in operation all 
of the detectors.  
 
The overall project has been broken down in four different categories: the ALFA 
detector; electronics and read out; Roman Pot mechanics; and infrastructure. The 
responsibilities of the collaborating institutions and the ATLAS Collaboration itself are 
assigned according to the four project categories. Overall planning foresees the full 








In general, the TDR is well prepared and covers all relevant issues related to the methods, 
beam properties, Roman Pot mechanics and installation, detector construction and 
metrology, read-out systems, trigger, radiation hardness problems, machine interface, 
commissioning and operation, and many other details. The necessary R&D works are 
properly represented and referred in the document as well. Both the cost estimate of 
about 1.6 MCHF and schedule are reasonable. 
 
The Committee was impressed by the quality of the work presented in the TDR and 
congratulates the Collaboration. The solutions adopted for the various systems are 
adequate to achieve the ATLAS physics goals stated in the Technical Proposal. The 
Committee has, however, the following comments and recommendations: 
 
• The considered scenario of the absolute luminosity measurement foresees that the 
ALFA detector has to be operated at ~1.5 mm from the circulating beam orbit to 
allow for the reconstruction of the t-spectrum down to -tmin ≅  
6 ⋅10-4 GeV2 covering the Coulomb interference region. The corresponding 
performance of the expected results is evaluated taking into account the major 
systematic uncertainties. However, due to various reasons (beam parameter 
imperfection, beam instability, detector alignment problems, etc.) it could happen 
that the detector could not operate close enough to the beam orbit, and thus it 
would be impossible to reach low values of t. Then only the t-spectra region of 
elastic nuclear scattering (outside the region of Coulomb interference) would be 
available for the analysis. In such a scenario, the absolute luminosity 
measurement would certainly require some additional physical parameters and 
would be less precise. The estimation of the corresponding limited performance 
should be studied. 
 
• The absolute luminosity will be measured at L = 1027 cm-2 s-1. A 4-5 orders of 
magnitude extrapolation is then needed to relate this measurement to the one in 
the operating condition of L >1031 cm-2 s-1. ATLAS should show that the accuracy 
of this extrapolation is close to the expected 3%. 
 
• The issue of radiation hardness of the FPGA read-out electronics should be 
clarified. 
 
 
 
